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ELECTRICAL SECTION. 
Stated Meeting, March rz, 1903. 

Defective Machine Insulation. 

BY C. E. FARRINGTON. 

The best excuse for a forty-five-minute talk on the defec- 
tive insulation which is found in modern dynamo and 
motor construction is the statement that it is the greatest 
obstacle to electrical development at the present time. 

It is a fact beyond controversy that the electric motor is 
not being used as much as it wouid be if it were a more 
perfect machine. 

A veteran railway superintendent, whose title was once 
“barn boss,” recently told me how much he wished that he 
could have as little sickness in his motors as he used to 
have among the horses. 

My connection with the manufacture of electrical insula- 
tion was brought about through the request of ‘a large elec- 
trical manufacturing company for a substitute for shellac as 
an insulating varnish. This was some ten or twelve years 
ago, when all that any paint and varnish chemist knew 
about insulation was what he might derive from the exam- 
ination of a dictionary; so we asked our electrical friends 
for full details of the work an insulating varnish had to do. 

The answer, signed by one of the best known of the large 
construction concerns of a dozen years ago, is in my pos- 
session to-day, and reads : “An insulating varnish must con- 
tain as little water as possible and dry quickly. We cannot 
give you further details; but if you will make the varnish as 
above stated, we will make the tests to see whether it has 
any insulating properties.” 

If such an answer had been rendered on any other point 
concerning mechanical or electrical engineering, it would 
have been considered a glaring admission of ignorance, and 
no large electric company would have tolerated such ignor- 
ance after it had once exposed itself. 
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But it is a fact that electrical engineers have neglected to 
use the methods of applied chemistry in this most import- 
ant item of’their work. They have cheerfully gone on and 
on, jauntily ignoring well-known chemical law and trusting 
to the cleverness of their sales departments to shift to 
buyers the responsibility for losses and annoyances which 
might be wholly avoided were conscientious study made of 
the problem. 

By our inquiry we finally ascertained that shellac varnish 
(gum ‘lac dissolved in aIcoho1) gave the best results of any- 
thing which they had then used, but that electricians were 
quite well aware that it was defective. As no further infor- 
mation was forthcoming, we proceeded to make a very rapid 
drying copal varnish, which was duly submitted to our 
electrical friends, and after a few days’ test it was adopted 
by them and its use commenced in considerable quantity. 
It was the first insulating varnish ever made. 

As an illustration of what we have learned since then, I 
will say that no c’ompetent engineer will now concede that 
a given compound has any insulation value whatever until 
his tests have been those of actual service under widely dif- 
ferent conditions and unless the time test is at least a year. 

We submitted samples of our insulating varnish to 
several other electrical concerns, and invariably received 
flattering testimonials as to the wonderful insulating prop- 
erties which it possessed. We gave it the name “ Insullac.” 
and I think during the next six months we unintentionally 
crippled as much machinery as we insulated. 1 think the 
record which we made at that. time has been equalled once 
or twice since by some of our enterprising competitors. But 
in justice to them, I must say that they were guided by just 
the same sort of advice as we had. 

The experience of that six m&ths produced a profound 
impression. Savage complaints convinced us that the tes- 
timonials of our electrical friends were better testimony of 
their ignorance of the chemistry of insulation than of the 
quality of the material whose praises they sang. Our 
surprise and regret were superseded by an ambition to 
atone for our error, and we determined to learn something 
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about the subject for the benefit of those whose injury we 
bad unwittingly assisted in. 

’ It is my pleasure to-night to outline the course of study 
which was opened by this investigation. It was primarily 
necessary for us to define the exact function of a varnish in 
and on the coils or windings of a dynamo electric machine. 
Why should a varnir;h be used at all? Solely because there 
has never been an insulating fiber produced which did not 
need some sort of reinforcement which could obviously be 
best applied in the form of a paint or varnish. Motors will 
not run, even in very dry situations, unless some protection 
in the shape of varnish is applied. When we asked elec- 
tricians for an explanation of this, they told us that water 
got into the machines if varnish was not used. When this 
answer was applied to street-railway motors running on 
submerged tracks, or on motors unprotected from street 
spattering, the explanation seemed to be adequate, but its 
adequacy was completely lost when we applied it to station- 
ary machines running under fairly good conditions. 

It is perfectly obvious that if an unpainted generator 
armature should be saturated with water and then started 
up at full speed with the brushes lifted from the commu- 
tator, the centrifugal motion in a few moments would force 
out all moisture, and that then the brushes could be brought 
into contact and the load assumed without danger. 

Surely the insulation resistance of the varnish is not 
required to enable the machine to run. There probably 
never has been a successful machine designed wherein 
the difference of potential between windings was equal to 
IO per cent. of the insulation resistance of the ordinary 
double-cotton covering which was used on those windings. 

This covering has a resistance equal to about 200 volts 
a.c., and it is obvious that if that resistance could be made 
constant, there would be no necessity for the reinforcement 
of machine insulation with anything in the line of paint or 
varnish. In other words, any paint or varnish which is 
used on magnet coils is used in the hope of making con- 
stant the initial resistance of the cotton covering. 

It being plain that the function of any varnish or paint 
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which is applied to a motor or dynamo coil is to reinforce 
the cotton covering, we must study the weaknesses of the 
cotton in order that we may know how to correct or help ’ 
them. 

The first defect of cotton is the fact that it cannot be 
spun to a commercial profit unless it carries from 5 per cent. 
to 15 per cent. of water; but at the same time our attention 
should not lose the fact that this water does not interfere 
with the average insulation value of cotton covering as 
indicated by mere laboratory tests. The trouble which the 
water makes is accomplished when it turns to steam under 
the heat of the machine or when it travels from the core 
out through the coil under the influence of rotary motion, 
leaving innumerable passages and openings where the 
electric current may follow. 

Another material defect of cotton is the ease with which 
it becomes carbonized: but it is only fair to say that the 
carbonization of cotton covering is largely offset by the 
resistance gained from the expulsion of moisture as an 
armature becomes dried and seasoned. 

The third defect of cotton is the acid which it carries 
and’which assists its impregnation with copper oxide. 

Determining that the best insulating material must be 
the one which would reinforce these weaknesses of cotton, 
we assembled all the materials commercially available for 
the manufacture of compounds which might be applied to 
coils of copper wire by dipping or with a painter’s brush, 
and began the work of systematic search for the qualities 
which would enable these materials to accomplish the 
necessary results. In this connection every varnish gum, 
every treatment of drying oils, every combination of waxes, 
pitches, asphalts and gum substitutes, including the cellu- 
lose compounds, were brought under our tests. 

The first test of all was to see whether a material had 
melting point or viscosity, or a combination of both, which 
would enable it to stay in a badly overheated coil. This 
point brought out a curious inability on the part of a good 
many electricians to distinguish a difference between old- 
fashioned tests and modern conditions. 
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They wanted to test insulation melting points by the 
same method by which oil chemists find the melting point 
of an oil or a wax, but we found that test so misleading as 
to make it necessary to make our tests exactly like the con- 
ditions of actual service. We wound a coil of double cotton- 
covered wire about a steel rod, saturated the coil with insu- 
lating compound, withdrew the steel rod, inserted in its 
place an ordinary thermometer, put current through the 
coil via water resistance, until the coil was so badly heated 
as to give off dense volumes of smoke, and if by weighing 
we found that a coil did not lose more than IO per cent. of 
its compound, we decided that such material would stand 
hot service in overloaded machines. An insulating com- 
pound should have such a high melting point. The de- 
signer of a motor never can tell which one of his machines 
will be ldcated in the hottest corner of a rolling mill, or 
whether his generator may not some day have to stand the 
heat of a torpedo boat engine-room with the ventilating 
apparatus broken down, or an emergency overload in ordi- 
nary practice. 

The tests to determine the capacity of a given insulating 
material to exclude moisture from the coils of an idle 
machine were chiefly a process of elimination, and here we 
found aid from the experience of varnish and paint manu- 
facturers, and in the researches which have been made con- 
cerning the materials which enter into their products. 

We first eliminated shellac for the reason that it could 
only be made into a successful varnish by dissolving it in 
alcohol, or alcohol and water. You can make a shellac var- 
nish totally devoid of water, but you cannot do it commer- 
cially, and if you could you could not keep it so, as the 
alcohol in shellac varnish rapidly attracts moisture the 
moment it is exposed or applied. 

The copal varnishes and asphalt varnishes were elimina- 
ted at this point, as we found that the heat and vibration of 
magnet coils quickly reduced them to a powder, or cracked 
their films so badly that they could not exclude water any 
more than a sieve could hold it. 

For some time we thought that linseed oil might be so 
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boiled that it would effectively exclude moisture. We were 
attracted by its high initial resistance and the extremely 
tough film which could be obtained from varnishes com- 
posed of it; but here again we were stopped by the accumu- 
lated facts which experienced varnish and paint makers 
furnished us. 

Linseed oil is a commercial commodity solely because of 
the rapidity, as compared with all other oils, with which it 
absorbs oxygen. A method of arresting the oxidation of a 
film of linseed oil at any desired point would be of immense 
value to the electrical fraternity. We cannot hope to arrest 
the oxidation of a film of linseed oil at any particular point. 
It continues to oxidize until it becomes a brittle, cracked 
and utterly defenseless mass so far as its capacity to pre- 
vent the passage of any stray electric current is concerned. 
More electrical apparatus has been reconstructed or 
repaired because of the oxidation and other defects of lin- 
seed oil than of all other causes put together. 

A great many electricians like to claim that their appa- 
ratus is well ventilated. “Well ventilated” also means well 
oxidized. There are very few armatures which are not well 
ozonized also. 

When the wearer of a black coat leans against the white 
trimmings of a house which was painted with linseed oil 
and white lead last Spring he has to dust himself off, sim- 
ply because the oil, which should have held the pigment to 
the house, has been totally destroyed by atmospheric action. 
It is because of this quality of linseed oil that we are com- 
pelled to have a varnishing day in our art galleries, and it 
has never been disputed that thoroughly oxidized linseed 
oil is not only soluble in water, but is hydroscopic, since 
that fact was established many years ago by eminent Ger- 
man authorities. 

We had to consider that an insulating compound might 
be used some day in a generator located on top of a steel 
penstock in an isolated power-house, where there was no 
heat, and that when the generator should shut down it would 
attract moisture at a tremendous rate by condensation. It 
would not run a week under these conditions if it was insu- 
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lated with a linseed-oil preparation. It is well known that 
a series of chemical actions may take place in an electrical 
machine, wherein linseed oil may be found wholly respon- 
sible for the presence of water even before the oxidation of * 
the oil has reached the advanced stage. This occurs when 
at atom of hydrogen in the oily acids of the varnish is 
replaced by an atom of copper. The ejected atom of hydro- 
gen selects a pair of friends from the oxide on the wire and 
thus produces water. It is perhaps needless for me to say 
that only one material was able to pass these tests for the 
exclusion of moisture under practical conditions, that being 
the high-melting-point paraffin compound whose widely 
successful use has brought to me the honor of delivering 
this address. 

A particular point which led us to the adoption of this 
material is its capacity to withstand high temperatures for 
a great length of time and still maintain its original plastic 
condition. The vibration in a high-speed armature prob- 
ably equals that in any mechanical device when the shatter- 
ing jars of gear connections are taken into consideration 
and when street railway machinery is added to the list of 
apparatus under consideration. 

The expansion of armatures and field coils as they heat, 
and their subsequent contraction when theloads are removed, 
are obvious, and consequently any insulation which does 
not have permanent plasticity under heat is wholly defec- 
tive for this sort of electrical insulation. Consequently a 
large list of materials, composed of varnish gums and linseed 
oil, asphalts, etc., were eliminated one by one as they showed 
their utter incapacity to stand the shattering influences of 
this vibratory ‘stress. 

The defectiveness of the first material which we ever 
made was caused wholly by the presence of varnish acid. 
As is well known to varnish chemists, all of the varnish 
gums are acid bodies. Indeed, it is safe to say that there 
is practically nothing in the shape of gum or oil which 
enters into varnish that is not an acid body. 

The question then arose, “ How far is anybody warranted 
in introducing acid into the vitaIs of high-cost apparatus?” 
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Of course the answer is, “ Just as little as possible; ” but I 
am sorry to say that a good many electricians have declined 
to give this point the consideration to which it is entitled, 
and they have thereby become responsible for a great deal 
of the apparatus which has proven defective. 

Of course I am familiar with the claim of some electri. 
cians that they “never have any trouble with apparatus 
built by them.” In the first place, we know that such a 
statement is not true; and if it was true, it would not be a 
good reason for deliberately disobeying physical law. 

From one end of this country to the other you can go in 
the street-railway field and find apparatus which has gone 
to the scrap-heap chiefly because it has been insulated with 
defective insulation. Within a year one of the largest gen- 
erators in the world has had its armature twice rewound 
because it was insulated with defective insulation, and on 
the third trial its builders repaired it with the same stuff 
which first short-circuited it. The money loss in that 
instance is already close to $10,000, with more to follow. 
There is not a central station manager in the United States 
who has tried to sell power who has not come into contact 
with a manufacturer or a machine-shop superintendent who 
told him he would not put in a motor unless the central 
station man would guarantee against his shut-down losses 
and against repairs. Printers have discarded electric motors 
for gas-engines because they say the gas-engines have a 
reliability which motors have not. 

Every defective electric motor is an argument for the 
sale of an engine in its place, and it is only so because the 
motor manufacturers have neglected in their rush to keep 
up with commercial progress to give to their insulation the 
same care and thought which the engine builders have 
given to their construction. The same processes of elimina- 
tion which keeps poor metal out of piston rods will keep 
poor insulation out of armature coils. But at present man- 
ufacturers will not seek such improvement until consulting 
and operating engineers insist upon it. 

The obvious unfitness of linseed oil for motor insulation, 
because of its acid composition, is best explained by refer- 
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ence to indisputable authority. What everybody knows “is 
most indisputable authority,” and anybody who knows any- 
thing about chemistry knows that an acid is a body which 
will attack metal. An acid is a body which attacks copper. 
An acid is a body which will combine with copper to pro- 
duce a third and possibly a fourth material. Users of shel- 
lac, copal varnish and linseed-oil varnish as insulation have 
frequently found that the cotton covering of their wire has 
been turned a brilliant green, which is a universal symptom 
that the copper has been attacked by an acid. 

When we said that such a symptom was a bad one, some 
electricians argued with us and said they didn’t think we 
had any authority for that statement, and that it didn’t 
make any difference if a coil did turn green, provided that 
coil was properly baked out. They declined to accept what 
every chemist knows. 

We have given considerable thought to this matter, and 
have come to the conclusion that a green coil is an evi- 
dence of bad construction, is prima facie evidence that a 
radical chemical change has gone on within precincts 
whence chemical changes should be excluded with great 
rigor. 

Green discoloration is evidence of inconstancy where 
constancy is indispensable. As it is very seldom seen 
except as a relic of a broken-down machine, it may there- 
fore be said to be coincident with burned-out and short-cir- 
cuited machines; but this discoloration becomes more potent 
in its suggestiveness as we consider what takes place to pro- 
duce such a radical physical change-a change visible to the 
naked eye, a change positive and far-reaching enough to send 
the green coloring matter through mica +x of an inch thick 
and to impregnate thick wrapping-paper and fiber stock. In 
the study of this action we need accept nothing but the facts 
and authority which is beyond dispute by being common 
knowledge. When we see a piece of mica that was once a 
beautiful amber color turned green, when we find that it 
would stand a puncture strain of 10,000 volts while amber 
color and can be punctured with 1,000 volts since its color 
has been altered, and we find that it has actually failed to pre- 



128 Farrmglon : [J. F. I., 

vent the passage of a current of not over IO volts, we have a 
right to conclude that there is a relation between such green 
discoloration and coincident drop in insulation resistance; 
and we have a right to carry that conclusion a step further 
and decide that the short-circuit was caused by the chemi- 
cal transformation of which the color change is evidence. 

At least we are justified in a further exploration and 
examination in the light of the simplest variety of in- 
formation on a simple chemical action. By so doing we 
find that it is easy for a varnish to have a chemical effect 
upon copper. Such action is the rule rather than the 
exception, and now, by reference to well-known authority, 
we find that this green action is the characteristic one of 
acids upon copper. The presence of acids ne& copper is 
always evidenced by green discoloration. Vegetable acids 
substitute atoms of copper for atoms of hydrogen in com- 
mon with other acids. We are justified in concluding that 
such substitution of copper for hydrogen takes place in a 
gaseous or semi-gaseous state. We shall now be able to 
apply the knowledge that vaporized copper has a high con- 
ductivity, and we shall then come to an unassailable conclu- 
sion that during the time when that mica was being 
impregnated with that vapor or varnish-copber the insula- 
tion of the mica was so reduced that an easy passage was 
afforded to the S- or IO-volt current which effected the short- 
circuit. 

W,hen we find that the green discoloration may take 
place in an idle machine and not short-circuit it, and that 
short-circuits always appear when the green discoloration 
takes place in a machine ‘which has been constantly in 
operation, we obtain further proof of a positive nature that 
acids should not be permitted to enter into coil construction 
under any circumstances-not even when they are loaded 
with black coloring matter to cover up their corrosive action. 

In this connection we exploded one ef the Mother Goose 
melodies or superstitions of the electrical fraternity-the 
foolish notion that lubricating oil caused short-circuits. 
Lubricating oil never will, never did, it never can, cause 
a short-circuit. If we could design a generator which would 
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run in oil, immersed in oil just as transformers are built, we 
should undoubtedly produce a successful machine. WhY 
then should lubricating oil cause a short-circuit? 

The first electrician who had a short-circuited machine 
was naturally disappointed and wanted an excuse ; and when 
he found that lubricating oil had penetrated into the coils, he 
accused it of causing the trouble. What actually occurred 
was this : the lubricating oil came in and stirred up the 
dormant or satisfied acids of the varnish which he had used. 
Varnish-makers who have essayed to manufacture insulat- 
ing compounds have on several occasions claimed that their 
varnishes were oil-proof. This was nothing but a joke, how- 
ever, and they never expected anybody to believe it. Var- 
nish salesmen sometimes attempt to prove that an insulating 
varnish is oil-proof because they can coat a newspaper with 
it and the newspaper will hold oil in the open air and away 
from the heat of operating apparatus. As a matter of fact, 
varnish which is so proved to be oil-proof will unite readily 
with lubricating oil under a temperature of 150~ F. 

The trouble is, that it will not unite homogeneously. The 
oil unites with one part of the varnish and separates that 
part from the remainder of the varnish, so that there are two 
or three separate and distinct bodies where there was origi- 
nally but one. In one or both of these the acids are now 
unsatisfied and they immediately attack the copper, and, as 
before described, cause the short-circuits which were at- 
tributed to lubricating oil. 

The oil was absolutely innocent. It is absolutely indis- 
pensable, and the acids of acid insulations are not indispen- 
sable. 

Inasmuch as it is feasible, by working in the paraffin 
series, to make non-acid insulating compounds which have 
complete chemical affinity for lubricating oil, it is perfectly 
easy to obtain insulation for a machine which will be friends 
with and welcome all the good insulation which may soak 
into it from its bearings in the form of oil. 
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